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Abstract: Climate insurance has become a crucial issue due to the increasing number of climate-
related catastrophic events and the associated losses for the economy in general and insurance
companies in particular. The extremely hot and dry summers of 2018 and 2019 in some European
countries highlighted existing weaknesses in European agricultural insurance mechanisms, with
farmers having to wait for months before compensation payments could be made. Our paper
compares features of yield-based insurance and index-based insurance (IBI) in agriculture in the light
of new developments and trends in information technology (IT). The results show that applying
Distributed Ledger Technologies (DLT) in combination with IBI could not only resolve existing
problems but also facilitate the development of innovative risk management tools under the EU’s
Common Agricultural Policy (CAP) post-2020 reform.

Keywords: distributed ledger technology; index-based insurance; climate insurance; smart contracts;
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1. Introduction

Climate change is associated with a number of adverse phenomena, including extreme
weather events, natural disasters and others of a similar kind. It poses risks to economic
development and requires additional expenditure to prevent catastrophic events or to
compensate for damages already caused. The World Economic Forum’s (WEF) Global Risk
Report 2022 recognizes climate change and its disruptive consequences as being the greatest
risk to economic activity (WEF 2022). Due to the increasing number of climate-related
extreme weather events, natural disasters and the associated losses, climate insurance has
already garnered considerable attention and become an important issue for the economy in
general and for the insurance industry in particular. The extremely hot summers of 2018
and 2019 in Europe demonstrated that existing approaches to agricultural insurance have
numerous shortcomings (e.g., farmers had to wait for months to have their claims settled,
not in the least due to the overly bureaucratic processes involved). For insurance companies,
climate change poses new challenges while at the same time opening up new opportunities
for the development of innovative financial products. In addition, institutional investors
(e.g., pension and mutual funds) offer innovative instruments (e.g., catastrophe bonds) that
provide opportunities to transfer climate-related risks to the financial markets (Hagendorff
et al. 2014; Morana and Sbrana 2019). From the point of view of the agricultural insurance
industry, there is a large number of so-called index-based insurance solutions (IBI)1 that
are alternatives to yield-based insurance2. The main advantage of IBI is the use of an
independent and objective physical indicator which makes it possible to overcome existing
problems in traditional crop loss insurance and to achieve potential cost savings (Jarrod
et al. 2018). Nevertheless, some technical problems of applying IBI in agriculture (e.g., data
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collection and processing) and the issue of high cost remain unresolved. These bottlenecks
could partly be eased by implementing Distributed Ledger Technologies (DLT). The now
widespread use of DLT in the crypto-currency market has highlighted some positive
features of this IT solution and opened up possible options for it to be applied as a technical
facilitator in the financial market (e.g., fintech and insurtech services3). DLT may turn
out to be one of the key technical solutions to assist in connecting technologies on the
corporate level with such innovations as wearables, drones and devices connected to the
Internet of Things. This IT solution could potentially accelerate transformations across
insurance services and capital distribution (KPMG 2017). In addition, DLT-based platforms
could improve resilience to disasters and speed up recovery efforts after them by enabling
decentralized storage of the critical information required to file the claims (FEMA 2019).

In this regard, a set of research questions arise. Our first research question is whether
or not IBI is a better solution for agricultural risks than yield-based insurance. Second,
could the use of DLT result in substantial time and cost savings for insurance services?
Additionally, if this is the case, could an IBI-based climate insurance scheme for agriculture
on the EU level (that makes use of DLT) improve the European Union’s existing Agricultural
Policy?

2. State of the Literature

In the last decade, research on agricultural IBI has advanced rapidly. Most of the
applied work has focused primarily on the barriers for scaling up and the diffusion of IBI
in developing countries (Hazell et al. 2017; Binswanger-Mkhize 2012; Greatrex et al. 2015;
Sibiko et al. 2018; Vasilaky et al. 2020). There has also been some theoretical and empirical
research on the “Achilles heel” of IBI systems of basis risk under extreme weather variability,
and the resulting high costs (Jensen et al. 2016, p. 25). On the other hand, numerous studies
have highlighted the benefits of IBI to encourage farmers to invest in smart and sustainable
agricultural innovations (Adegoke et al. 2017; Hess and Hazell 2020; Hazell et al. 2021). The
regulatory incentives to IBI schemes under the existing EU Common Agricultural Policy
and the potential of insurance technologies (“insurtech”) to overcome the main obstacles of
IBI have not been investigated so far, other than on Internet platforms, such as Blockchain
Climate Risk Crop Insurance4, Global Index Insurance Forum5, Social Fintech6 and The
Digital Insurer7, with the notable exception of Jha et al. (2021). In this paper, we aim to
fill this research gap by highlighting the opportunities of DLT as a prerequisite for lower
premiums and lower transaction costs (e.g., time savings in compensation payment) and
the possibilities for innovative national risk management schemes under the post-2020
CAP, which are mentioned as action needed to “support for insurance schemes” and to
accelerate “innovation” by the policy brief of the ongoing EU project “SURE Farm”8.

3. Data Description

For the purposes of this research, the authors gathered a set of data on the following
issues: economic damages from weather and climate-related extreme events for the period
1997–2017 in the EU-28 countries; insurance and compensation systems in the EU and
Switzerland as of 2019; DLT-related cost and time savings for insurance services.

The first part of this data was retrieved from the European Environmental Agency
(EEA) and is based on the methodology the latter uses to establish damages with regard
to geothermal (e.g., earthquakes, tsunamis and volcanic eruptions), meteorological (e.g.,
storms), hydrological (e.g., floods and mass movements) and climatological events (e.g.,
heatwaves, cold waves, droughts and forest fires). The second part of the data (insurance
and compensation systems in the EU and Switzerland) was gleaned from existing scientific
research and publications (e.g., Palka and Hanger-Kopp 2019, p. 2; and Vroege et al. 2019,
p. 105). Finally, the data relating to the savings associated with applications of DLT-based
solutions were compiled from reports prepared by various consulting agencies and research
institutions (e.g., PwC 2016; KPMG 2017).
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4. Climate Change—A “Window of Opportunity” for the Insurance Sector?

Climate change is associated with adverse impacts that have already made their
presence amply felt: increased temperatures, melting ice caps and rising sea levels. Against
this background, the international community (the United Nations, UN, in particular)
is paying due attention to this problem and taking steps toward establishing a common
legal framework with incentives to combat climate change and adapt to its consequences
(UNFCCC 2015). In 2018, the global economy faced losses of 225 billion USD resulting from
natural disasters and extreme weather events. This level is ten times higher than in 2000,
and the year 2018 itself was the third year in a row with actual losses in excess of 200 billion
USD. It is important to note that only 40% of these losses were covered and compensated
for by insurers (Aon Benfield 2019).

The world community is currently on track for a global temperature rise of 2.7 ◦C
elsius by the end of the century (UNEP 2021). Hence, it is crucial not only to ensure
adequate adaptation to climate change but also to reduce people’s exposure to natural
hazards and extreme weather events; this requires appropriate measures and sufficient
financial resources. According to estimates from the UN, global annual expenditure needs
for adaptation to climate change ranges between 140 billion USD and 300 billion USD. By
2050, the cost of adaptation to climate change could reach between 280–500 billion USD. In
fact, however, only around 22 billion USD are currently being collected annually for the
purpose of adaptation to climate change (Micale et al. 2018). At the same time, climate-
related disasters are linked to almost 100 billion USD in annual losses. Moreover, such
events could have increasingly serious social and economic consequences. For example,
the number of climate-induced migrants is steadily increasing, and considering the current
path of global warming, millions of people could be forced to leave their homes and regions
in the coming decades due to adverse environmental conditions (IOM 2009). In view
of this, another important agreement was signed in 2015 under the auspices of the UN
to reduce the risks of climate-related disasters: the Sendai Framework on Disaster Risk
Reduction (SFDRR). This framework covers the period between 2015 and 2030 and is aimed
at protecting both people’s lives and critical infrastructure (the energy sector, transport,
agriculture, etc.) (UNISDR 2015).

According to the methodology used by the European Environmental Agency (EEA
2021), there are three major groups of weather and climate-related extreme events that
might cause economic damages: meteorological (e.g., storms), hydrological (e.g., floods and
mass movements) and climatological events (e.g., heatwaves, cold waves, droughts and
forest fires) (see Figure 1). In the period 1980–2019, weather- and climate-related extreme
events were responsible for about 81% of total economic losses caused by natural hazards in
the EEA member countries, amounting to 446 billion EUR or the equivalent of 11.1 billion
EUR per year. Cumulative deflated losses correspond to almost 3% of the GDP of the
countries analyzed. However, since a relatively small number (3%) of individual events
were responsible for a large share (>60%) of economic losses, there is a high variability of
losses from year to year, which makes it difficult to identify a trend. A decade-by-decade
view enables a process of smoothing that reveals trends. Average annual (inflation-adjusted)
losses were about 6.6 billion EUR in 1980–1989, 12.3 billion EUR in 1990–1999, 13.2 billion
EUR in 2000–2009 and 12.5 billion EUR in 2010–2019.

Hence, climate change is already responsible for an increasing amounts of material
losses to the economy, the financial markets and society as a whole, most of which are
uninsured, even in a prosperous continent such as Europe. In fact, according to the data
provided by NatCatSERVICE, Eurostat and MunichRe, coverage for climate-related losses
is insufficient, the best results having been achieved by the United Kingdom (UK), where
insured losses accounted for over 70% of the total. The most critical situation with regard
to covering climate-related risks and losses was identified in Greece, Portugal, Poland
and Italy, where damages from climate-related events remained almost uncovered. At
the same time, very good rates were achieved by Belgium, Denmark, Lichtenstein and
Luxembourg—where over 58% of the losses were insured. Germany, France, Ireland,
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Iceland and Switzerland were able to cover almost 50% of the damages caused by climate-
related extreme events and natural disasters.
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The Intergovernmental Panel on Climate Change (IPCC 2022) predicts that climate-
related extreme events will become even more frequent around the world. This could
indirectly affect multiple sectors and cause systemic failures across Europe, leading to even
greater economic losses.

As a consequence, more effective measures are required to prevent global climate-
related risks from climate change, to enhance climate adaptation in developing countries
and to improve resilience in infrastructure (especially critical infrastructure) in Europe.
Additionally, there is an urgent need for innovative financial products and instruments to
support the above-mentioned measures, the overarching aim being to provide access to the
market of private climate finance (EEA 2021).

A lack of climate-related data and difficulties related to the evaluation of non-financial
risks are the main obstacles blocking the way to extending insurance services and pro-
viding access to them. Various initiatives are seeking to resolve this issue by formulating
recommendations on how to improve data collection, processing and reporting related
risks. For instance, in 2021 a special “Task Force on Nature-related Financial Disclosures”
was created to support businesses in evaluating emerging nature-related risks and help
achieve nature-positive outcomes (UNEP-FI 2021).

5. Agricultural Insurance—Status Quo and Prospects for the European Union

The European Union (EU) insurance landscape for agriculture is diverse, as member
states are exposed to different types of risks, and their political and social settings differ
as well. As a consequence, the “risk management toolbox” of the Common Agricultural
Policy (CAP) allows for the use and public support of an array of instruments, including
insurance, mutual funds and disaster relief programs. Public support is capped to 70 per-
cent of premiums or annual payments into mutual funds (European Commission 2017).
Such public–private partnerships are being promoted to avoid the financing of damage
and mitigation measures becoming the sole responsibility of the public sector (Miranda
et al. 2018). Although the concept of public–private partnerships for agricultural risk is
acknowledged in principle in the management tools of the CAP, member states can exercise
wide discretion in their use. Three-quarters of EU countries, including France, Italy, Spain,
Austria and the Netherlands, provide subsidies of between 45 and 65 percent for insurers’
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so-called multi-risk policies, which cover weather-related risks, including droughts (see
Table 1).

Table 1. Insurance and compensation systems in the EU-27 and Switzerland.

Hail Storm Heavy Rainfall Frost Drought

Belgium (1)(3) X X X
Denmark X X X

Germany (2) X X X X X
Italy (1)(3) X X X X X

Croatia (1)(3) X X X X
Luxembourg (1)(3) X X X X X

Latvia (1)(3) X X X X
Lithuania (1)(3) X X X X X
Netherlands (1) X X X X X
Austria (1)(2)(3) X X X X

Poland (1)(3) X X X X
Spain (1)(2)(3) X X X X X

Switzerland (1)(2)(3) X X X X (4) X

Note: (1) Multi-peril insurance, (2) IBI, (3) state subsidies [45–65%], (4) snow pressure. Source: Authors’ compilation
based on Grant (2010). Austria, Italy and Switzerland were taken from Palka and Hanger-Kopp (2019, p. 2),
ISMEA (2020) and Vroege et al. (2019, p. 105).

Demand is high, especially because risk premium subsidies provided for the insurance
premium are disbursed from national and EU funds. Simplified field loss assessment
procedures are helping to enhance insurance density. In the Netherlands and Luxembourg,
for example, agricultural yield losses in the field are determined by evaluating the dried
parts of the plant, the sizes of the cobs (in the case of maize) or the weight of the grains. In
the Netherlands, more than a quarter and in Luxembourg almost every second hectare of
the affected areas are already insured against drought damage. In Germany, however, a lack
of subsidies and an insurance tax of 19% on insurance premiums for droughts make risk
protection a thoroughly unattractive option. In almost all other EU countries, the tax rate is
zero or near zero. Italy protects its farmers against weather risks with some 1.6 billion EUR,
and France with 600 million EUR. Only Germany, Denmark, the Netherlands and a few
others leave this risk to their farmers.

In some countries around the world, e.g., the United States, crop insurance is the
primary policy mechanism for reducing agricultural yield and/or income risk (Mahul and
Stutley 2010). In Europe, the perceived policy importance of agricultural insurance is lower
for several reasons. One of these is that risk management is part of the “second pillar” of
the CAP, even if it involves much lower funding than the “first pillar” of direct payments.9

Moreover, the “second pillar” of risk management competes with other rural development
objectives, including the goals of “greening” agriculture and achieving balanced territorial
development. The allocation of funds for risk management, therefore, varies depending
on the perceived political urgency of direct payments to farmers, the perceived urgency of
a “green” and “just” transition in rural areas and the (expected) need for relief payments
after disasters.

This is reflected in the current CAP reform debate within the EU. Although the CAP
(2023–2027) contains objectives that explicitly emphasize the importance of “other forms of
risk management” (see Appendix A to this article), their financing is discussed solely in
terms of the “first pillar” as member states’ activities, whereas the “second pillar” focuses
only on reducing greenhouse gas emissions from agriculture and achieving a balanced
territorial development (“just transition”) under the EU Green Deal. We view this as
an expression of a structural deficit in climate adaptation and disaster risk reduction
elements in the CAP (cf. SURE Farm 2021) and in the EU Green Deal and the EU’s
COVID-19 recovery program (Next Generation EU, NGEU) (cf. Michalek et al. 2020;
Schwarze and Sushchenko 2021). For the time being, then, progress on the dissemination
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of risk management instruments in EU agriculture can only be expected from initiatives
undertaken by member states, such as the recent push from France to renew its 600 million
EUR mutual fund (cf. Pistorius 2021).

6. Yield-Based vs. Index-Based Insurance

As a rule, climate catastrophes arrive unexpectedly, and the damage caused by such
events is not predictable in any precise way. The “classical” insurance techniques and
instruments are often not sufficiently effective to solve this problem, as the contractual
mechanism for compensation works on the basis of yield losses that have been observed in
the past. In practice, the main problem in claims management is that it often takes months
to determine and settle payments—months during which losses can rise further. For
instance, long-lasting high moisture content in crops could affect infrastructure conditions,
e.g., by reducing their drying capacity and making them vulnerable to possible subsequent
frost damage. Existing yield-based approaches to insurance for climate-related risks in
agriculture have two main drawbacks: fraud detection and risk modelling. Agricultural
businesses and farmers tend to overestimate their real losses and claim higher compensation
from the insurance companies. Hence, claims management becomes very difficult and
requires additional expenditure (both in terms of cost and time) to determine and verify an
appropriate amount of compensation for the clients. The second negative feature of a yield-
based insurance relates to the modelling of risks, especially given that the average surface
temperature on Earth is rising faster than expected, making forecasting unprecedentedly
difficult.

Nowadays, ex post and ad hoc compensation is becoming more and more expensive:
during 2014–2020, more than 65% of insurance premiums were paid out by the EU as
part of the Common Agricultural Policy (Hochrainer-Stigler and Hanger-Kopp 2017). In
addition, yield-based insurance may not even be applicable in certain areas: grasslands,
for example, are subject to a different number of harvests each year and a very small
difference in damages depending on the seasonal frequency of extreme weather events. In
such cases, IBI could be considered the most appropriate solution (Hochrainer-Stigler and
Hanger-Kopp 2017). IBI relies on the application of physical indicators (temperature, soil
moisture, etc.) as a “trigger” for compensation. Compared to yield-based insurance, IBI
has several positive features (see Table 2).

Table 2. Yield-based vs. index-based insurance.

Insurance Type Strengths Weaknesses

Yield-based

- long-established,
time-honoured

- holds the “promise” of full
risk transfer

- high transaction costs
- fraud detection
- high subsidies needed for

affordability

Index-based

- more objective, better
reflects climate change

- lower costs, less time
needed for compensation
(no field loss assessments)

- eliminates bureaucracy
- improves transparency

- lack of reliable data
- advanced technological and

modelling capacities needed
- high basis risk
- need to bundle small risks

Source: Authors’ own assessment.

First, the IBI approach is more objective and better adapted to climate risks because
indicators depend only on the physical properties of the environment. In addition, compen-
sation is limited to a predetermined amount of money calculated on the basis of previous
events and their associated losses. Another significant advantage of IBI is improved trust
between insurance companies and their clients. At the same time, IBI could simplify field
loss assessment, reduce bureaucracy and increase transparency—making it less costly
for customers such as small-scale farmers (Gommes and Kayitakire 2013). Despite all its
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positive features, the implementation of IBI is also associated with certain obstacles: a lack
of reliable data, technical and modelling requirements and the large remaining basis risk of
up to 70% in case of severe weather events (cf. Jensen et al. 2016). Changing risk patterns in
the case of abrupt climate change could also jeopardize the application of IBI. In addition,
the premiums per farmer are small so that insurance companies usually have to aggregate
risks in order to transfer them to the reinsurer (Hess and Syroka 2005). The yield-based
approach is a long-established practice of agricultural insurance. Although it holds the
promise of full compensation, in practice it requires some retention of basis risk by those
insured in order to avoid the transaction costs of fraud control; due to the higher costs
involved, it comes with higher subsidies to make it affordable for customers.

In contrast to yield-based insurance, in which indemnities are paid based on evidence
or crop loss estimates, policyholders in an index insurance policy are compensated on the
basis of the realization of an objective index, e.g., precipitation, accumulated temperature
or regional average crop yield, which is closely correlated with yield losses at the farm
level (Bielza et al. 2009, p. 45). As the indices are measured by government agencies or
other third parties and are thus objective and independent, this insurance is well-suited
for farmers with a highly index-correlated risk structure (Bielza et al. 2009, p. 33). Index-
based insurance payouts are linked to yield, satellite or weather triggers, such as rainfall,
temperature, humidity and crop yields, which serve as proxies for losses or similar data
sources (Weingärtner et al. 2017, p. 14; Gommes and Kayitakire 2013). Compensation is
paid as soon as one of these triggers deviates from a predetermined value. In other words,
products are insured against events that cause losses and not against actual losses in the
fields (Hochrainer-Stigler and Hanger-Kopp 2017, p. 4).

The selection of the index on which the insurance should be based has been widely
discussed (Maestro Villarroya 2016, p. 12). Two types of index insurance are mentioned
in most of the scientific literature. The first is area yield index insurance (AYII) and the
second is weather-based index insurance (WII) (cf. World Bank 2011, p. 9ff.). There are
different types of drought indicators that can be used as indices in drought insurance.
These include the meteorological, agricultural, hydrological and socioeconomic drought
indicators mentioned above. Index-based insurance is considered by some to be the best
solution for developing countries (Rao 2010, p. 193).

Careful selection and the use of a combination of indices are crucial in order to identify
production risks in agriculture. In the agricultural sector, AYII and WII are among the
most common index-based insurances (Maestro Villarroya 2016, p. 12). In addition, these
can be supplemented by remote-sensing-based index insurance (Coleman et al. 2018). The
following types of indices exist for crop insurance: area yield trigger, meteorological trigger,
the vegetation index and combinations of different factors (as described below).

7. Index-Based Area Yield Insurance

Under index-based acreage yield insurance (AYII), compensation is paid to all insured
farmers in a defined area (e.g., a county) when zonal yields which have been achieved in
the past in a homogeneous geographic area fall below a certain threshold value. The yield
insured is determined as a percentage (usually 50 to 90 percent) of the average yield for
the area. Compensation is paid regardless of the actual losses suffered if the average yield
on the farmer’s land is less than the average yield on the area. AYII is similar to MPCI but
refers to the average yield per hectare (World Bank 2011, p. 9; Mahul and Stutley 2010, p. 75;
Maestro Villarroya 2016, p. 12). For the successful use of AYII, the yield of a farmer should
correlate strongly with yield per unit area (Bokusheva and Breustedt 2012, p. 136). Due to
the fact that the exact causes of loss cannot be identified, it is difficult to rule out hazards.
As a consequence, the AYII provides reasonable protection for farmers, as it covers a wider
range of hazards (World Bank 2011, p. 11). The AYII requires historical yield data, which
can be used to determine the average normal yield and the insured normal rate of return
(Mahul and Stutley 2010, p. 75). In addition, current yield data are necessary to assess
the level of compensation when yield losses occur (Coleman et al. 2018, p. 11). This type
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of index insurance is used in the U.S., Sweden, Canada, India, Mexico and several other
countries (Maestro Villarroya 2016, p. 12; Mahul and Stutley 2010, p. 78).

8. Weather-Based Index Insurance

Indemnities are paid under weather-based index insurance (WII) as soon as a specific
type of weather or hydrological threshold is met (Maestro Villarroya 2016, p. 12). These
thresholds must be met over a specified period of time and evidenced by the data measured
at a weather station. Once the realized value of the index exceeds or falls below a predefined
threshold, a compensation payment is triggered. This may occur, for example, in the event
of too much or too little precipitation, which is expected to lead to crop failure. This
compensation is calculated on the basis of a pre-agreed sum per index unit (for example,
dollars per millimeter of rainfall) (World Bank 2011; Mahul and Stutley 2010, p. 75). As
with AYII, a high correlation of returns with the weather-based index is an important
prerequisite for the applicability of WII. This indicates the high potential for risk mitigation
with the respective weather-based insurance scheme (Bokusheva and Breustedt 2012, p. 136).
The hazards mainly covered by WII include precipitation shortfalls and surpluses due
to high, low or prolonged temperatures. Thus, it covers meteorological, agricultural and
hydrological droughts. Other hazards can include strong winds and sun, and a combination
of these (World Bank 2011, p. 10). For the WII, as for the AYII, ground data are needed
to establish the index and to draw up the contract. The WII, which is based on ground
measurements, relies on current weather data and historical data, in addition to some
agricultural data, to design and calibrate products (World Bank 2011).

9. Remote-Sensing-Based and Combined Drought Indicator Index Insurance

Another option for hedging against drought risks is satellite-based index insurance
or remote-sensing-based index insurance. Peled et al. (2010), Sepulcre-Canto et al. (2012),
Gommes and Kayitakire (2013), among others, proposed the use of remote-sensing-based
index insurance to complement AYII and WII. Due to the sparse network of meteorological
weather stations in developing countries and some southern European countries (e.g., in
the Western Balkan region), there is often a lack of precipitation data. Satellites can be
used to fill this gap and to provide timely information on actual crop development for the
structuring of the index insurance (Gommes and Kayitakire 2013, p. 238). In the case of
AYII, according to Gommes and Kayitakire (2013, p. 52f.), it should be possible to determine
the regional yields of homogeneous cropping patterns for various crops with the help of
remote sensing technologies. Likewise, remote sensing data on vegetation status can be
used as additional input parameters for plant growth models and may thus also be useful
for yield assessment (Gommes and Kayitakire 2013, p. 52f.).

Both the WII and AYII rely largely on ground-based measurements (Coleman et al.
2018, p. 7). In the case of remote-sensing-based index insurance, satellite data are used
to supplement ground-based data indices or to develop remote sensing index insurance
products. Instead of measuring directly on the ground, various data, such as precipitation
estimates, evapotranspiration, vegetation indices and soil moisture, which are based on
specific biophysical dynamics, are collected using satellites. In order to obtain the datasets,
the satellites are used to measure the required data and are calibrated with some additional
soil information. The index is designed in such a way that it makes yield loss practical
based on the 29 parameters used (Coleman et al. 2018, pp. 14, 30; Gommes and Kayitakire
2013, p. 52). In the academic literature, the normalized difference vegetation index (NDVI)
is most commonly used in remote-sensing-based index insurance. This index assesses
the spatial and temporal variability of vegetation and generates indices using time series
reconnaissance imagery. It is based on the principle of detecting changes in vegetation
caused by temporal variations in soil moisture which are then captured using NDVI (Peled
et al. 2010, p. 271). NDVI measures the ability of red and near-infrared light (NIR) to be
differentially absorbed by leaves and correlates linearly with the amount of synthetic active
radiation absorbed by plants (Peled et al. 2010, p. 271). This technology can be used in
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many parts of the world (World Bank 2011, p. 18). When it comes to hedging against
drought risks, satellite-based index insurance is a very cost-effective method, especially
for rainfed crops. These include, for example, pastures or large monocultures. According
to Maestro Villarroya (2016, p. 17), the technological advances in satellite remote sensing
enable accurate measurements to be made at specific spatial scales and spectral bandwidths
that allow for dynamic monitoring of environmental conditions such as vegetation cover.
Due to the more precise measurements, remote-sensing-based index insurance can thus
be used as an efficient tool for evaluating growing conditions and crop drought (Maestro
Villarroya 2016, p. 17).

The improvements in precise measurement achieved by remote-sensing-based index
insurance have been confirmed by Peled et al. (2010). In their empirical study, Peled et al.
(2010, p. 271) compared the performance of soil drought indices in Europe using remote
sensing of vegetation. They were able to find the most suitable drought index based on
the highest correlation with NDVI. Their work complements numerous attempts made in
recent years to create global datasets of soil moisture and drought indices (Peled et al. 2010,
p. 271). Using these tools, the interannual variations in drought indices were compared with
the interannual changes in vegetation, which in turn were captured by the NDVI (Peled
et al. 2010, p. 271). Subsequently, the correlations of five drought indices (Palmer drought
index (PDSI), self-calibrating PDSI (SC-PDSI), standardized precipitation index (SPI) and
normalized total surface soil moisture depth (NSMS)) with the NDVI were assessed. In
comparing the five drought indices, Peled et al. (2010, p. 271) noted that, due to its optimal
correlation with the NDVI, the NSMS index is best suited to describe the actual changes
in vegetation most realistically. Especially in areas where hot and dry summers occur,
the correlation between annual variations in NDVI and drought indices is highest (Peled
et al. 2010, p. 276). Peled et al. (2010) concluded additionally that reliable data for soil
moisture can be collected through advances in satellite technology, as they provide long-
term weather forecasts and thus enable more efficient preparations for drought. Similarly,
Swiss Re (Andriesse 2019) has developed an innovative solution using a soil moisture deficit
index developed for drought-related losses. In this approach, satellites are used to measure
soil moisture so that, thanks to full digitization, the insurance process can subsequently be
carried out using blockchain technology. This can be used for rainfed crops worldwide and
is already being deployed in some European countries. NDVI-based insurance programs
are currently being used in Canada as pilot projects in pasture production, in Spain for
drought in pastures of livestock breeders and in the U.S. (Maestro Villarroya 2016, p. 17).
In Kenya, the government has implemented the first index-based livestock insurance
intervention as a component of the Kenya Livestock Insurance Program (KLIP). Andrew
Mude, the inventor of this tool, received the 2016 World Food Prize as an acknowledgement
of his efforts (Russell 2020).

Summing up, from the EU’s perspective, IBI could bring more benefits than drawbacks.
However, there is no market for related schemes across Europe, and risk management
is not unified across the EU (Ramsey and Santaremo 2017). In other words, on the path
toward an EU-wide application of IBI, two problems should be kept in mind: the cost
of implementation could be enormous, and basis risk could exacerbate the problems of
market acceptance (IFAD 2017).

10. DLT for a Better Agribusiness and Related Insurance Products

In recent decades, precision technologies and smart contracts have entered the agri-
food systems (AFS) of this world (Xu et al. 2020; Stranieri et al. 2021). The advent of
modern agricultural technology such as sensors, the Internet of Things, enabled smart
devices and smart contracts provides a promising foundation for what might be termed
“agriculture 4.0” and for the creation of “smart AFS.” The aim of smart AFS is to improve
the efficiency of the food chain in relation to physical (e.g., climate and soil), technical
(sensors and machines) and business (sales contracts, insurance) factors. The best (i.e.,
most efficient) response of smart machines to, for example, climate extremes (e.g., water
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scarcity) depends on communication among enabled smart devices with other intelligent
nodes of the production, sales and risk management systems in the network of agriculture
and food production. Smart machines collect information about an unfolding climatic
event, and broadcast it to other machines in the field and to nodes along the supply
chain. The goal of the Internet of Agri–Food (IoAF) is to send out messages about system-
threatening events—such as soil moisture extremes—to active cropping technologies, to
those generating crop loss assessments and environmental hazards reports, to cooperative
financial risk management, sales and storage agencies, to neighboring farmers and to
insurance companies—in little time with high accuracy, in other words: lowering the
transaction cost.

Nowadays, a huge amount of data must be processed to cover the needs of insurers
(and those insured), at least in the two above-mentioned areas. Moreover, in the modern
world, data protection is becoming an increasingly important issue for all economic oper-
ators. For this reason, companies and governments from different countries are looking
more closely at the opportunities offered by DLT. A starting point has been elaborated
based on blockchain (currently the most popular type of solution). Despite the fact that
this technology has some limitations (e.g., the number of operations it can handle within a
given period of time), the level of data protection is high enough to reduce significantly
the risks of external interventions to obtain data or important business information (e.g.,
“hacking”). Additionally, a combination of DLT with artificial intelligence (AI), the Internet
of Things (IoT), big data and other innovations could offer unprecedented breakthroughs
for the entire insurance sector. For instance, DLT is crucial to ensuring data integrity and
securing user authentication and authorization in a trusted IoT system (Kumar and Sharma
2021). Moreover, a combination of IoT with DLT is crucial to providing reliable data on
supply chain tracking in agriculture (Ronaghi 2021). That is why “insurtech” is not just a
modern trend but has already become an important part of the daily business activities of
various economic sectors (see Table 3).

Several important benefits have been identified for a DLT-based application of IBI,
such as improved real-time exposure assessments and enhanced accident and risk pre-
diction. These benefits contribute toward improving data processing and also facilitate
understanding of the scenario-based assessments of different changing parameters in
real-time contexts.

DLT could bring significant cost and time savings, including reduced transaction
costs (e.g., time for negotiations and quotations). According to available estimates, an
implementation of DLT solutions for the insurance sector could reduce the time required for
negotiations and quotations by up to 90% (Generali 2018). As a result, reinsurers could make
the process of reserve estimations easier and establish so-called “streamlined reinsurance”
operations. However, the most important advantage for all insurers is improved liquidity
control.

Insurtech facilitates deeper risk assessments, offers more sophisticated preventive
models, improves interactions, enhances operational capabilities and makes efficient use
of ecosystem and market resources (i.e., lower transaction costs). According to the find-
ings provided by PwC (2016), the most important opportunity for insurers arises from
self-directed services (e.g., customer acquisition and customer services) and usage-based
insurance (e.g., pay-as-you-go).

Moreover, a variety of operational benefits for agricultural insurance relate to im-
proved claims management: a coordinated and synchronized overview and verification
of transactions and other information; enhanced third-party transactions (e.g., “claim
leakage”); enforced fraud detection and better alignment with new legal requirements
for financial institutions. Such improvements could create additional benefits through
behavior-based underwriting (e.g., pay-as-you-go). Additionally, existing enhanced re-
quirements for the financial market (e.g., Basel III, Directives 2016/2341, 2017/828) impose
certain limitations on the activities of financial institutions. Here, it is not only insurance
companies that should comply with the requirements when providing their services, but
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other institutional investors as well. The new legal requirements on the financial market
are indeed forcing institutional investors to analyze and evaluate non-financial risks when
making their investment decisions.

Table 3. DLT-related cost and time savings for insurance services.

Area of Application Practical Cases Time/Money Savings

Signing the contract and
execution Smart contracts

R3, CatBonds, CatSwaps,
Sprout Insure10, Etherisc (Kim

and Laskowski 2017, p. 13)

up to 2–3 days, no escrow cost11,
reducing the costs of issuing

contracts by 41%

Microfinancing Peer-to-peer insurance Lydia, Everex12 average cashback of 30% of the
premiums13

Claim management Fraud detection Shift Technology (Claims
automation)

“hit-rate” more than 2.5 times better
than standards14, reduction of

annual losses of up to 10%
decrease in claim cycles from three
months to one week (Sprout Insure)

Underwriting Behaviour-based
underwriting Atidot

identification of up to 25%
under-insured policies15

Parametric insurance Mechanism selection Kenyan Livestock Insurance
Program (KLIP) up to 2–3 months

KYC (“Know your client”)
and AML

(Anti-Money-Laundering
Laws)

Due diligence InterchainZ
up to 90% of time

up to 8 billion USD16

Risk transfer Reinsurance B3i (Aegon, Allianz, Munich
Re, Swiss Re and Zurich Re) 15–20% expenses17

Source: Authors’ own compilation.

Additionally, a set of market benefits associated with the application of DLT in the
insurance sector reflects new business opportunities. The most important improvement
could be better access to insurance services for small and medium-sized clients. Here,
insurers could drastically reduce their administration costs and make their services more
accessible to those who have previously been excluded from classical schemes due to the
negative cost–benefit ratios of the insurance products provided. Further, DLT creates a
common platform for all the key participants of the insurance process and improves the
efficiency of their communications. Such a platform could be considered as a common
workspace to enable all involved to track and understand the quotations workflow. DLT
applications can trigger innovation in the agricultural ecosystem beyond smart insurance
contracts, such as improving food protection, supply chain reliability, the traceability of
origin and trade performance, which would benefit both farmers and consumers.

Even despite all the above-mentioned benefits, some difficulties are associated with
DLT in relation to IBI-based agriculture insurance products. First, privacy challenges exist
for data analysis, since there are very complex and challenging data protection laws in
force in the EU. The second important obstacle to applying DLT in agricultural insurance
services is associated with the different regulations that exist within different jurisdictions:
this could pose some obstacles because different legal acts apply simultaneously to one and
the same chain operation. Another challenge is associated with the decentralized storing of
data—no one person or entity is responsible for the data chain stored.

11. Conclusions

The application of yield-based insurance schemes in agriculture has proven to be less
effective than index-based solutions. This disadvantage is related primarily to the time
gaps that exist between an actual event and the payment of compensation. Additionally,
it is very hard to estimate actual losses. Lack of trust between economic operators could
be regarded as one of the reasons for this. Moreover, yield-based insurance products are
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relatively expensive and not accessible to small customers. From the point of view of the
underwriting process, there are a number of options for replacing yield-based insurance
with IBI—solving the above-mentioned problems by introducing an independent and
objective physical “trigger” to facilitate quick compensation payments to clients is key to
making these options workable.

DLT solutions on the crypto-currency market demonstrate some positive features of
this technology and offer prospects for its application in other segments of the financial
market. When using insurtech with index-based insurance in agriculture, it is important to
consider some of its specific aspects. For instance, DLT could offer an improved real-time
exposure assessment, facilitate accident and/or risk forecasting and assist with reserve cal-
culations for reinsurance. Furthermore, this technology could be used when implementing
behavioral underwriting.

Author Contributions: Conceptualization, R.S. and O.S.; methodology, O.S.; investigation, R.S.
and O.S.; resources, R.S.; data curation, O.S.; writing—original draft preparation, O.S.; writing—
review and editing, R.S.; visualization, O.S.; supervision, R.S.; project administration, O.S.; funding
acquisition, R.S.. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The Figure 1 supporting dataset is publicly archived at https://www.
eea.europa.eu/ims/economic-losses-from-climate-related (accessed on 8 March 2022).

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A. Risk Management Tools of the CAP Post-2020 Reform

Article 70

1. Member States shall grant support for risk management tools under the conditions set
out in this Article and as further specified in their CAP Strategic Plans.

2. Member States shall grant support under this type of interventions in order to promote
risk management tools, which help genuine farmers manage production and income
risks related to their agricultural activity which are outside their control and which
contribute to achieving the specific objectives set out in Article 6.

3. Member States may grant in particular the following support: (a) financial contributions
to premiums for insurance schemes; (b) financial contributions to mutual funds,
including the administrative cost of setting up;

4. Member States shall establish the following eligibility conditions:

(a) the types and coverage of eligible insurance schemes and mutual funds;
(b) the methodology for the calculation of losses and triggering factors for com-

pensation;
(c) the rules for the constitution and management of the mutual funds.

5. Member States shall ensure that support is granted only for covering losses of at least
20% of the average annual production or income of the farmer in the preceding three-
year period or a three-year average based on the preceding five-year period excluding
the highest and lowest entry.

6. Member States shall limit the support to the maximum rate of 70% of the eligible costs.
7. Member States shall ensure that overcompensation as a result of the combination of

the interventions under this Article with other public or private risk management
schemes is avoided.

Taken from: European European Commission (2018): CAP Strategic Plans. Emphasis
by the authors.

https://www.eea.europa.eu/ims/economic-losses-from-climate-related
https://www.eea.europa.eu/ims/economic-losses-from-climate-related
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Notes
1 Index-based insurance is a relatively new but innovative approach to insurance provision that pays out benefits on the basis of a

predetermined index (e.g., rainfall level) for loss of assets and investments—primarily working capital—resulting from weather
and catastrophic events (IFC 2020).

2 Yield-based insurance provides compensation equivalent to the difference between the obtained yield and the yield guaranteed
at the pre-defined rate at the beginning of the contract (Atlas Magazine 2017).

3 Financial technology (fintech) is a technological innovation that aims to compete with traditional financial methods in the delivery
of financial services. It is an emerging industry that uses technology (e.g., Distributed Ledger Technologies) to improve activities
in finance services. A subset of fintech companies that focus on the insurance industry is collectively known as insurtech.

4 https://www.climatefinancelab.org/project/climate-risk-crop-insurance/ (accessed on 8 March 2022).
5 https://www.indexinsuranceforum.org/blog/blockchain-application-agriculture-insurance (accessed on 8 March 2022).
6 https://socialfintech.org/blockchain-crop-insurance/ (accessed on 8 March 2022).
7 https://www.the-digital-insurer.com/dia/aon-oxfam-etherisc-agriculture-insurance-blockchain-makes-first-payouts/ (accessed

on 8 March 2022).
8 https://www.surefarmproject.eu/wordpress/wp-content/uploads/2020/08/D4.6_Policy-Brief-on-the-CAP-post-2020.pdf (ac-

cessed on 8 March 2022).
9 Between 2003 and 2015 the “first pillar” accounted for an average of approximately 70 percent (68–72%) of total CAP spending

(Matthews 2016).
10 Sprout Insure (Ashley King-Bischof & Sandro Stark). Blockchain Climate Risk Crop Insurance—The Global Innovation Lab for

Climate Finance (climatefinancelab.org (accessed on 20 February 2022)).
11 https://hackernoon.com/smart-contracts-a-time-saving-primer-b3060e3e5667 (accessed on 8 March 2022).
12 https://blog.everex.io/problems-with-microlending-and-how-blockchain-solves-them-1582f98e2a7c (accessed on 8 March

2022).
13 https://p2pconference.com/speaker/tim-kunde/ (accessed on 6 May 2020).
14 https://www.digitalinsuranceagenda.com/180/shift-technology-ai-that-understands-insurance-claims/ (accessed on 8 March

2022).
15 http://www.oxbowpartners.com/pdfs (accessed on 8 March; search: Atidot).
16 https://www.jdsupra.com/legalnews/using-blockchain-for-kyc-aml-compliance-25325/ (accessed on 8 March 2022).
17 https://www.disruptordaily.com/blockchain-use-cases-insurance/ (accessed on 8 March 2022).
10 Sprout Insure (Ashley King-Bischof & Sandro Stark). Blockchain Climate Risk Crop Insurance—The Global Innovation Lab for

Climate Finance (climatefinancelab.org (accessed on 20 February 2022)).
11 https://hackernoon.com/smart-contracts-a-time-saving-primer-b3060e3e5667 (accessed on 8 March 2022).
12 https://blog.everex.io/problems-with-microlending-and-how-blockchain-solves-them-1582f98e2a7c (accessed on 8 March

2022).
13 https://p2pconference.com/speaker/tim-kunde/ (accessed on 6 May 2020).
14 https://www.digitalinsuranceagenda.com/180/shift-technology-ai-that-understands-insurance-claims/ (accessed on 8 March

2022).
15 http://www.oxbowpartners.com/pdfs (accessed on 8 March; search: Atidot).
16 https://www.jdsupra.com/legalnews/using-blockchain-for-kyc-aml-compliance-25325/ (accessed on 8 March 2022).
17 https://www.disruptordaily.com/blockchain-use-cases-insurance/ (accessed on 8 March 2022).

References
Adegoke, Jimmy, Pramod Aggarwal, Mark Rüegg, James Hansen, Daniela Cuellar, Rahel Diro, Rebecca Shaw, Jon Hellin, Helen

Greatrex, and Robert Zougmoré. 2017. Improving climate risk transfer and management for Climate-Smart Agriculture. Global
Alliance for Climate-Smart Agriculture. Available online: https://www.fao.org/3/bu216e/bu216e.pdf (accessed on 8 March 2022).

Andriesse, Marcel. 2019. Drought Is Insurable. In Minimising Drought Losses for Agriculture with Innovative Solutions. Zurich: Swiss
Re Group, Available online: https://www.swissre.com/risk-knowledge/mitigating-climate-risk/drought-is-insurable.html
(accessed on 23 January 2022).

Aon Benfield. 2019. Weather, Climate & Catastrophe Insights. 2018 Annual Report. Available online: http://thoughtleadership.
aonbenfield.com/Documents/20190122-ab-if-annual-weather-climate-report-2018.pdf (accessed on 8 March 2022).

Atlas Magazine. 2017. Agricultural Insurance: Products and Schemes. Available online: https://www.atlas-mag.net/en/article/
agricultural-insurance-products-and-schemes (accessed on 8 March 2022).

https://www.climatefinancelab.org/project/climate-risk-crop-insurance/
https://www.indexinsuranceforum.org/blog/blockchain-application-agriculture-insurance
https://socialfintech.org/blockchain-crop-insurance/
https://www.the-digital-insurer.com/dia/aon-oxfam-etherisc-agriculture-insurance-blockchain-makes-first-payouts/
https://www.surefarmproject.eu/wordpress/wp-content/uploads/2020/08/D4.6_Policy-Brief-on-the-CAP-post-2020.pdf
https://hackernoon.com/smart-contracts-a-time-saving-primer-b3060e3e5667
https://blog.everex.io/problems-with-microlending-and-how-blockchain-solves-them-1582f98e2a7c
https://p2pconference.com/speaker/tim-kunde/
https://www.digitalinsuranceagenda.com/180/shift-technology-ai-that-understands-insurance-claims/
http://www.oxbowpartners.com/pdfs
https://www.jdsupra.com/legalnews/using-blockchain-for-kyc-aml-compliance-25325/
https://www.disruptordaily.com/blockchain-use-cases-insurance/
https://hackernoon.com/smart-contracts-a-time-saving-primer-b3060e3e5667
https://blog.everex.io/problems-with-microlending-and-how-blockchain-solves-them-1582f98e2a7c
https://p2pconference.com/speaker/tim-kunde/
https://www.digitalinsuranceagenda.com/180/shift-technology-ai-that-understands-insurance-claims/
http://www.oxbowpartners.com/pdfs
https://www.jdsupra.com/legalnews/using-blockchain-for-kyc-aml-compliance-25325/
https://www.disruptordaily.com/blockchain-use-cases-insurance/
https://www.fao.org/3/bu216e/bu216e.pdf
https://www.swissre.com/risk-knowledge/mitigating-climate-risk/drought-is-insurable.html
http://thoughtleadership.aonbenfield.com/Documents/20190122-ab-if-annual-weather-climate-report-2018.pdf
http://thoughtleadership.aonbenfield.com/Documents/20190122-ab-if-annual-weather-climate-report-2018.pdf
https://www.atlas-mag.net/en/article/agricultural-insurance-products-and-schemes
https://www.atlas-mag.net/en/article/agricultural-insurance-products-and-schemes


J. Risk Financial Manag. 2022, 15, 211 14 of 16

Bielza, Diaz-Caneja Maria, Constanza Conte, Christoph Dittmann, Francisco Javierla Gallego Pinilla, Remo Catenaro, and Josef
Stroblmair. 2009. Risk Management and Agricultural Insurance Schemes; EUR 23943 EN. Luxembourg: Reference report by the Joint
Research Centre (JRC51982). Available online: http://www.jrc.ec.europa.eu/ (accessed on 8 March 2022).

Binswanger-Mkhize, Hans P. 2012. Is there too much hype about index-based agricultural insurance? Journal of Development Studies 48:
187–200. Available online: https://doi.org/10.1080/00220388.2011.625411 (accessed on 8 March 2022). [CrossRef]

Bokusheva, Raushan, and Gunnar Breustedt. 2012. The Effectiveness of Weather-Based Index Insurance and Area-Yield Crop Insurance:
How Reliable are ex post Predictions for Yield Risk Reduction? Quarterly Journal of International Agriculture 51: 135–56.

Coleman, Emily, William Dick, Sven Gilliams, Isabelle Piccard, Francesco Rispoli, and Andrea Stoppa. 2018. Remote Sensing for Index
Insurance—An Overview of Findings and Lessons Learned for Smallholder Agriculture. Rome: International Fund of Agricultural
Development (IFAD).

EEA. 2021. Economic Losses from Climate-Related Extremes in Europe. Available online: https://www.eea.europa.eu/ims/economic-
losses-from-climate-related (accessed on 8 March 2022).

European Commission. 2017. Summary of Main Changes Introduced to the Four Basic Regulations of the CAP through the Omnibus
Regulation. Available online: https://ec.europa.eu/agriculture/cap-overview/summary-changes-omnibus_en.pdf (accessed on
8 March 2022).

European Commission. 2018. Proposal for a Regulation of the European Parliament and of the Council Establishing Rules on
Support for Strategic Plans to Be Drawn up by Member States under the Common Agricultural Policy (CAP Strategic Plans) and
Financed by the European Agricultural Guarantee Fund (EAGF) and by the European Agricultural Fund for Rural Development
(EAFRD) and Repealing Regulation (EU) No 1305/2013 of the European Parliament and of the Council and Regulation (EU)
No 1307/2013 of the European Parliament and of the Council. {SEC(2018) 305 Final}-{SWD(2018) 301 Final}. Available online:
https://eur-lex.europa.eu/legal-content/EN/HIS/?uri=CELEX%3A52018PC0392 (accessed on 1 May 2022).

FEMA. 2019. National Advisory Council. DRAFT Report to the FEMA Administrator, FEMA NAC Report, November. Avail-
able online: https://www.fema.gov/media-library-data/1572880188002-31454e3c26dff6922fde9d34cbe19e26/November_2019
_NAC_Report_Draft_v5.pdf (accessed on 8 March 2022).

Generali. 2018. Generali Global Corporate & Commercial Italy Promotes the Initiative to Optimize Corporate Risks Quotation,
Negotiation and Binding Processes through Blockchain Technology. Available online: https://www.generaliglobalcorporate.com/
doc/jcr:d1076099-3628-4d67-a813-3060b7f2ca54/lang:en/PressRelease_Blockchain_Ottimizzazione_vf_ENGLISH.pdf (accessed
on 8 March 2022).

Gommes, Rene, and François Kayitakire. 2013. The Challenges of IBI for Food Security in Developing Countries. Luxembourg: Publications
Office of the European Union, Available online: https://op.europa.eu/en/publication-detail/-/publication/d93219f2-252e-48a9
-b5de-38d65de16f9a (accessed on 8 March 2022).

Grant, Wyn. 2010. Policy Instruments in the Common Agricultural Policy. West European Politics 33: 22–38. [CrossRef]
Greatrex, Helen, James William W. Hansen, Samantha Garvin, Rahel Diro, Sari Blakeley, Kolli Rao, and Daniel E. Osgood. 2015. Scaling

up Index Insurance for Smallholder Farmers: Recent Evidence and Insights, CCAFS, No. 14. CGIAR Research Program on
Climate Change, Agriculture and Food Security (CCAFS). Available online: www.ccafs.cgiar.org (accessed on 8 March 2022).

Hagendorff, Bjoern, Jens Hagendorff, Kevin Keasey, and Angelica Gonzalez. 2014. The risk implications of insurance securitization:
The case of catastrophe bonds. Journal of Corporate Finance 25: 387–402. [CrossRef]

Hazell, Peter B., Alexander Jaeger, and Rebecca Hausberg. 2021. Innovations and Emerging Trends in Agricultural Insurance for
Smallholder Farmers—An Update. Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ). Competence Centre Financial
Systems Development and Insurance. Available online: https://www.giz.de/expertise/downloads/2021%20GIZ_Innovations%
20and%20emerging%20Trends%20in%20Agricultural%20Insurance-An%20update.pdf (accessed on 23 January 2022).

Hazell, Peter B., Rachel Sberro-Kessler, and Panos Varangis. 2017. When and How Should Agricultural Insurance be Subsidized?
Issues and Good Practices. In Finance & Markets Global Practice |Global Index Insurance Facility. Impact Insurance Working Paper
#48. Washington, DC: World Bank.

Hess, Ulrich, and Joanne Syroka. 2005. Weather-Based Insurance in Southern Africa. The Case of Malawi. Agriculture and Rural
Development Discussion Paper 13. Washington, DC: World Bank, Available online: https://documents1.worldbank.org/curated/
en/818731468055789892/pdf/370510MW0Weath1d0insurance01PUBLIC1.pdf (accessed on 8 March 2022).

Hess, Ulrich, and Peter Hazell. 2020. Innovations and Emerging Trends in Agricultural Insurance. How Can We Transfer Natural Risks Out
of Rural Livelihooods to Empower and Protect People? Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ). Competence Centre
Financial Systems Development and Insurance. Available online: https://www.giz.de/de/downloads/giz-2016-en-innovations_
and_emerging_trends-agricultural_insurance.pdf (accessed on 23 January 2022).

Hochrainer-Stigler, Stefan, and Susanne Hanger-Kopp. 2017. Subsidized Drought Insurance in Austria: Recent Reforms and
Future Challenges. Wirtschaftspolitische Blätter 4: 599–614. Available online: http://pure.iiasa.ac.at/id/eprint/15048/1/2017
_Subsidized%20Drought%20Insurance%20in%20Austria%20Wipo.pdf (accessed on 8 March 2022).

IFAD. 2017. Remote Sensing for Index Insurance. An Overview of Findings and Lessons Learned for Smallholder Agriculture. Roma: IFAD.
IFC. 2020. Index Insurance—Frequently Asked Questions. Available online: https://www.ifc.org/wps/wcm/connect/industry_

ext_content/ifc_external_corporate_site/financial+institutions/priorities/access_essential+financial+services/giif+frequently-
asked-questions (accessed on 8 March 2022).

http://www.jrc.ec.europa.eu/
https://doi.org/10.1080/00220388.2011.625411
http://doi.org/10.1080/00220388.2011.625411
https://www.eea.europa.eu/ims/economic-losses-from-climate-related
https://www.eea.europa.eu/ims/economic-losses-from-climate-related
https://ec.europa.eu/agriculture/cap-overview/summary-changes-omnibus_en.pdf
https://eur-lex.europa.eu/legal-content/EN/HIS/?uri=CELEX%3A52018PC0392
https://www.fema.gov/media-library-data/1572880188002-31454e3c26dff6922fde9d34cbe19e26/November_2019_NAC_Report_Draft_v5.pdf
https://www.fema.gov/media-library-data/1572880188002-31454e3c26dff6922fde9d34cbe19e26/November_2019_NAC_Report_Draft_v5.pdf
https://www.generaliglobalcorporate.com/doc/jcr:d1076099-3628-4d67-a813-3060b7f2ca54/lang:en/PressRelease_Blockchain_Ottimizzazione_vf_ENGLISH.pdf
https://www.generaliglobalcorporate.com/doc/jcr:d1076099-3628-4d67-a813-3060b7f2ca54/lang:en/PressRelease_Blockchain_Ottimizzazione_vf_ENGLISH.pdf
https://op.europa.eu/en/publication-detail/-/publication/d93219f2-252e-48a9-b5de-38d65de16f9a
https://op.europa.eu/en/publication-detail/-/publication/d93219f2-252e-48a9-b5de-38d65de16f9a
http://doi.org/10.1080/01402380903354049
www.ccafs.cgiar.org
http://doi.org/10.1016/j.jcorpfin.2014.01.004
https://www.giz.de/expertise/downloads/2021%20GIZ_Innovations%20and%20emerging%20Trends%20in%20Agricultural%20Insurance-An%20update.pdf
https://www.giz.de/expertise/downloads/2021%20GIZ_Innovations%20and%20emerging%20Trends%20in%20Agricultural%20Insurance-An%20update.pdf
https://documents1.worldbank.org/curated/en/818731468055789892/pdf/370510MW0Weath1d0insurance01PUBLIC1.pdf
https://documents1.worldbank.org/curated/en/818731468055789892/pdf/370510MW0Weath1d0insurance01PUBLIC1.pdf
https://www.giz.de/de/downloads/giz-2016-en-innovations_and_emerging_trends-agricultural_insurance.pdf
https://www.giz.de/de/downloads/giz-2016-en-innovations_and_emerging_trends-agricultural_insurance.pdf
http://pure.iiasa.ac.at/id/eprint/15048/1/2017_Subsidized%20Drought%20Insurance%20in%20Austria%20Wipo.pdf
http://pure.iiasa.ac.at/id/eprint/15048/1/2017_Subsidized%20Drought%20Insurance%20in%20Austria%20Wipo.pdf
https://www.ifc.org/wps/wcm/connect/industry_ext_content/ifc_external_corporate_site/financial+institutions/priorities/access_essential+financial+services/giif+frequently-asked-questions
https://www.ifc.org/wps/wcm/connect/industry_ext_content/ifc_external_corporate_site/financial+institutions/priorities/access_essential+financial+services/giif+frequently-asked-questions
https://www.ifc.org/wps/wcm/connect/industry_ext_content/ifc_external_corporate_site/financial+institutions/priorities/access_essential+financial+services/giif+frequently-asked-questions


J. Risk Financial Manag. 2022, 15, 211 15 of 16

IOM. 2009. Disaster Risk Reduction, Climate Change Adaptation and Environmental Migration. A Policy Perspective. Available online:
https://publications.iom.int/system/files/pdf/ddr_cca_report.pdf (accessed on 8 March 2022).

IPCC. 2022. Climate Change 2022: Impacts, Adaptation, and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of
the Intergovernmental Panel on Climate Change. Edited by Hans-Otto Pörtner, Debra C. Roberts, Melinda Tignor, Elvira Poloczanska,
Katja Mintenbeck, Andrés Alegría, Marlies Craig, Stefanie Langsdorf, Sina Löschke, Vincent Möller and et al. Cambridge:
Cambridge University Press, Printed March 2022 by the IPCC, Switzerland. ISBN 978-92-9169-159-3.

ISMEA. 2020. Dati Assicurazioni Agricole. Available online: http://www.ismea.it/sicuragro/sa/DettaglioAgg3_Open.php (accessed
on 16 April 2022).

Jarrod, Katha, Shahbaz Mushtaq, Ross Henry, Adewuyi Adeyinka, and Roger Stone. 2018. Index insurance benefits agricultural
producers exposed to excessive rainfall. Weather and Climate Extremes 22: 1–9. Available online: https://www.sciencedirect.com/
science/article/pii/S2212094718300513?via%3Dihub (accessed on 8 March 2022).

Jensen, Nathaniel D., Christopher B. Barrett, and Andrew G. Mude. 2016. Index Insurance Quality and Basis Risk. Evidence from
Northern Kenya, American Journal of Agricultural Economics, Agricultural and Applied Economics Association 98: 1450–69.

Jha, Nishant, Deepak Prashar, Osamah I. Khalaf, Youseef Alotaibi, Abdulmajeed Alsufyani, and Saleh Alghamdi. 2021. Blockchain
Based Crop Insurance: A Decentralized Insurance System for Modernization of Indian Farmers. Sustainability 13: 8921. [CrossRef]

Kim, Henry, and Marek Laskowski. 2017. Agriculture on the Blockchain: Sustainable Solutions for Food, Farmers, and Financing. York: York
University, Blockchain Research Institute, December 15.

KPMG. 2017. Blockchain Accelerates Insurance Transformation. Available online: https://assets.kpmg/content/dam/kpmg/xx/pdf/
2017/01/blockchain-accelerates-insurance-transformation-fs.pdf (accessed on 8 March 2022).

Kumar, Rajesh, and Rewa Sharma. 2021. Leveraging Blockchain for Ensuring Trust in IoT: A Survey, Journal of King Saud
University—Computer and Information Sciences. Available online: https://reader.elsevier.com/reader/sd/pii/S1319157821002
55X?token=EE2D7377E0136A7C8B0945AF26A1FB6443DF082BCD69311DA969E540516DBC5FC38D770FF990F58012772E6E8
2E5358E&originRegion=eu-west-1&originCreation=20220131200639 (accessed on 8 March 2022).

Maestro Villarroya, Teresa. 2016. Hydrological Drought Index Insurance for Irrigated Agriculture. Doctorale thesis, Madrid, Spain.
Available online: http://oa.upm.es/43595/ (accessed on 14 February 2022).

Mahul, Olivier, and Charles J. Stutley. 2010. Government Support to Agricultural Insurance: Challenges and Options for Developing Countries.
Washington, DC: World Bank, Available online: http://publications/worldbank.org (accessed on 8 March 2022).

Matthews, Alan. 2016. The future of direct payments. European Parliament, Research For AGRI Committee—Reflections on the
Agricultural Challenges Post-2020 In The EU: Preparing The Next CAP Reform, IP/B/AGRI/CEI/2015-70/0/C5/SC1, Brussels,
Directorate-General for Internal Policies. Policy Department B: Structural and Cohesion Policies 2016: 3–86.

Micale, Valerio, Bella Tonkonogy, and Federico Mazza. 2018. Understanding and Increasing Finance for Climate Adaptation in
Developing Countries. Available online: https://climatepolicyinitiative.org/wp-content/uploads/2018/12/Understanding-and-
Increasing-Finance-for-Climate-Adaptation-in-Developing-Countries-1.pdf (accessed on 8 March 2022).

Michalek, Gabriela, Oleksandr Sushchenko, and Reimund Schwarze. 2020. Why CCA and DRR Are Crucial for Achieving European
Green Deal Goals. Available online: https://www.placard-network.eu/why-cca-and-drr-are-crucial-for-achieving-european-
green-deal-goals/ (accessed on 8 March 2022).

Miranda, P. M. Meuwissen, Yann de Mey, and Marcel van Asseldonk. 2018. Prospects for agricultural insurance in Europe. Agricultural
Finance Review 78: 174–82. [CrossRef]

Morana, Claudio, and Giacomo Sbrana. 2019. Climate change implications for the catastrophe bonds market: An empirical analysis.
Economic Modelling 81: 274–94. [CrossRef]

Palka, Marlene, and Susanne Hanger-Kopp. 2019. Agricultural Crop Insurance in Switzerland, Focusing on Drought. Crop Insurance
in Switzerland. IIASA FACTSHEET. Available online: http://pure.iiasa.ac.at/id/eprint/15831/1/Factsheet_Switzerland.pdf
(accessed on 8 March 2022).

Peled, E., Emanuel Dutra, Pedro Viterbo, and Alon Angert. 2010. Technical Note: Comparing and ranking soil drought indices
performance over Europe, through remote-sensing of vegetation. Hydrology and Earth System Sciences 14: 271–77. [CrossRef]

Pistorius, Magdalena. 2021. Macron Announces New French Crop Insurance Scheme|EURACTIV France|13 September 2021 (Updated:
16 September 2021). Available online: https://www.euractiv.com/section/agriculture-food/news/macron-announces-new-
french-crop-insurance-scheme/ (accessed on 8 March 2022).

PwC. 2016. Opportunities Await: How InsurTech Is Reshaping Insurance. Available online: https://www.pwc.lu/en/fintech/docs/
pwc-insurtech.pdf (accessed on 8 March 2022).

Ramsey, Austin Ford, and Fabio Gaetano Santaremo. 2017. Crop Insurance in the European Union: Lessons and Caution from the
United States. Available online: https://mpra.ub.uni-muenchen.de/79164/1/MPRA_paper_79164.pdf (accessed on 8 March
2022).

Rao, Kolli N. 2010. Index based Crop Insurance. Agriculture and Agricultural Science Procedia 1: 193–203. [CrossRef]
Ronaghi, Mohammad Hossein. 2021. A blockchain maturity model in agricultural supply chain. Information Processing in Agriculture 8:

398–408. [CrossRef]
Russell, Alex. 2020. How NDVI Transformed Insurance as a Tool to Build Resilience. Available online: https://www.agrilinks.org/

post/how-ndvi-transformed-insurance-tool-build-resilience (accessed on 8 March 2022).

https://publications.iom.int/system/files/pdf/ddr_cca_report.pdf
http://www.ismea.it/sicuragro/sa/DettaglioAgg3_Open.php
https://www.sciencedirect.com/science/article/pii/S2212094718300513?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2212094718300513?via%3Dihub
http://doi.org/10.3390/su13168921
https://assets.kpmg/content/dam/kpmg/xx/pdf/2017/01/blockchain-accelerates-insurance-transformation-fs.pdf
https://assets.kpmg/content/dam/kpmg/xx/pdf/2017/01/blockchain-accelerates-insurance-transformation-fs.pdf
https://reader.elsevier.com/reader/sd/pii/S131915782100255X?token=EE2D7377E0136A7C8B0945AF26A1FB6443DF082BCD69311DA969E540516DBC5FC38D770FF990F58012772E6E82E5358E&originRegion=eu-west-1&originCreation=20220131200639
https://reader.elsevier.com/reader/sd/pii/S131915782100255X?token=EE2D7377E0136A7C8B0945AF26A1FB6443DF082BCD69311DA969E540516DBC5FC38D770FF990F58012772E6E82E5358E&originRegion=eu-west-1&originCreation=20220131200639
https://reader.elsevier.com/reader/sd/pii/S131915782100255X?token=EE2D7377E0136A7C8B0945AF26A1FB6443DF082BCD69311DA969E540516DBC5FC38D770FF990F58012772E6E82E5358E&originRegion=eu-west-1&originCreation=20220131200639
http://oa.upm.es/43595/
http://publications/worldbank.org
https://climatepolicyinitiative.org/wp-content/uploads/2018/12/Understanding-and-Increasing-Finance-for-Climate-Adaptation-in-Developing-Countries-1.pdf
https://climatepolicyinitiative.org/wp-content/uploads/2018/12/Understanding-and-Increasing-Finance-for-Climate-Adaptation-in-Developing-Countries-1.pdf
https://www.placard-network.eu/why-cca-and-drr-are-crucial-for-achieving-european-green-deal-goals/
https://www.placard-network.eu/why-cca-and-drr-are-crucial-for-achieving-european-green-deal-goals/
http://doi.org/10.1108/AFR-04-2018-093.M
http://doi.org/10.1016/j.econmod.2019.04.020
http://pure.iiasa.ac.at/id/eprint/15831/1/Factsheet_Switzerland.pdf
http://doi.org/10.5194/hess-14-271-2010
https://www.euractiv.com/section/agriculture-food/news/macron-announces-new-french-crop-insurance-scheme/
https://www.euractiv.com/section/agriculture-food/news/macron-announces-new-french-crop-insurance-scheme/
https://www.pwc.lu/en/fintech/docs/pwc-insurtech.pdf
https://www.pwc.lu/en/fintech/docs/pwc-insurtech.pdf
https://mpra.ub.uni-muenchen.de/79164/1/MPRA_paper_79164.pdf
http://doi.org/10.1016/j.aaspro.2010.09.024
http://doi.org/10.1016/j.inpa.2020.10.004
https://www.agrilinks.org/post/how-ndvi-transformed-insurance-tool-build-resilience
https://www.agrilinks.org/post/how-ndvi-transformed-insurance-tool-build-resilience


J. Risk Financial Manag. 2022, 15, 211 16 of 16

Schwarze, Reimund, and Oleksandr Sushchenko. 2021. A Green and Resilient Recovery for Europe. UNDRR Working Paper Oktober
2021. United Nations Office for Disaster Risk Reduction—Regional Office for Europe & Central Asia. Preventionweb. Available online:
https://www.undrr.org/publication/green-and-resilient-recovery-europe (accessed on 1 May 2022).

Sepulcre-Canto, Guadalupe, Stephanie Horion, Andrew Singleton, Hugo Carro, and Jürgen Vogt. 2012. Developing a Combined
Drought Indicator to detect agricultural drought in Europe. Natural Hazards and Earth System Sciences 12: 3519–31. [CrossRef]

Sibiko, Kenneth W., Prakashan Chellattan Veettil, and Matin Qaim. 2018. Small farmers’ preferences for weather index insurance:
Insights from Kenya. Agriculture and Food Security 7: 1–14. [CrossRef]

Stranieri, Stefanella, Federica Riccardi, Miranda Meuwissen, and Claudio Soregaroli. 2021. Exploring the impact of blockchain on the
performance of agri-food supply chains. Food Control 119: 107495. [CrossRef]

SURE Farm. 2021. Policy Brief with a Critical Analysis of How Current Policies Constrain/Enable Resilient European Agriculture
and Suggestions for Improvements, Including Recommendations for the CAP Post-2020 Reform. A Project Funded by the
European Union’s Horizon 2020 Research and Innovation Programme under Grant Agreement No. 727520. Available online:
https://www.surefarmproject.eu/deliverables/policybusiness-briefs-and-short-communications/ (accessed on 8 March 2022).

World Bank. 2011. Weather Index Insurance for Agriculture: Guidance for Development Practitioners. Agriculture and rural Development
Discussion Paper, Nr. 50. Washington, DC: World Bank.

UNEP. 2021. Emissions Gap Report 2021. Available online: http://wedocs.unep.org/bitstream/handle/20.500.11822/26895/EGR201
8_FullReport_EN.pdf (accessed on 8 March 2022).

UNEP-FI. 2021. Taskforce on Nature-Related Financial Disclosures (tnfd) Launched. Available online: https://www.unepfi.org/news/
themes/ecosystems/tnfd-launch/ (accessed on 1 May 2022.).

UNFCCC. 2015. The Paris Agreement—Main Page. Available online: http://unfccc.int/paris_agreement/items/9485.php (accessed
on 8 March 2022).

UNISDR. 2015. Sendai Framework for Disaster Risk Reduction 2015–2030. Available online: http://www.un.org/en/development/
desa/population/migration/generalassembly/docs/globalcompact/A_RES_69_283.pdf (accessed on 8 March 2022).

Vasilaky, Kathryn, Rahel Diro, Michael Norton, Geoff McCarney, and Daniel Osgood. 2020. Can Education Unlock Scale? The Demand
Impact of Educational Games on a Large-Scale Unsubsidised Index Insurance Programme in Ethiopia. Journal of Development
Studies 56: 361–83. [CrossRef]

Vroege, Willemijn, Tobias Dalhaus, and Robert Finger. 2019. Index insurance for grasslands—A review for Europe and North-America.
Agricultural Systems 168: 101–11. [CrossRef]

WEF. 2022. The Global Risks Report 2022, 17th ed. Colony: WEF, Available online: https://www3.weforum.org/docs/WEF_The_
Global_Risks_Report_2022.pdf (accessed on 8 March 2022).

Weingärtner, Lena, Catherine Simonet, and Alice Caravani. 2017. Disaster Risk Insurance and the Triple Dividend of Resilience. London:
Overseas Development Institute.

Xu, Jie, Shuang Guo, David Xie, and Yaxuan Yan. 2020. Blockchain: A new safeguard for agri-foods. Artificial Intelligence in Agriculture
4: 153–61. [CrossRef]

https://www.undrr.org/publication/green-and-resilient-recovery-europe
http://doi.org/10.5194/nhess-12-3519-2012
http://doi.org/10.1186/s40066-018-0200-6
http://doi.org/10.1016/j.foodcont.2020.107495
https://www.surefarmproject.eu/deliverables/policybusiness-briefs-and-short-communications/
http://wedocs.unep.org/bitstream/handle/20.500.11822/26895/EGR2018_FullReport_EN.pdf
http://wedocs.unep.org/bitstream/handle/20.500.11822/26895/EGR2018_FullReport_EN.pdf
https://www.unepfi.org/news/themes/ecosystems/tnfd-launch/
https://www.unepfi.org/news/themes/ecosystems/tnfd-launch/
http://unfccc.int/paris_agreement/items/9485.php
http://www.un.org/en/development/desa/population/migration/generalassembly/docs/globalcompact/A_RES_69_283.pdf
http://www.un.org/en/development/desa/population/migration/generalassembly/docs/globalcompact/A_RES_69_283.pdf
http://doi.org/10.1080/00220388.2018.1554207
http://doi.org/10.1016/j.agsy.2018.10.009
https://www3.weforum.org/docs/WEF_The_Global_Risks_Report_2022.pdf
https://www3.weforum.org/docs/WEF_The_Global_Risks_Report_2022.pdf
http://doi.org/10.1016/j.aiia.2020.08.002

	Introduction 
	State of the Literature 
	Data Description 
	Climate Change—A “Window of Opportunity” for the Insurance Sector? 
	Agricultural Insurance—Status Quo and Prospects for the European Union 
	Yield-Based vs. Index-Based Insurance 
	Index-Based Area Yield Insurance 
	Weather-Based Index Insurance 
	Remote-Sensing-Based and Combined Drought Indicator Index Insurance 
	DLT for a Better Agribusiness and Related Insurance Products 
	Conclusions 
	Appendix A
	References

